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Purpose: Epidemiologic studies of vascular injuries are usually limited to those caused by trauma. The purpose of this
study was to review the management and clinical outcome in patients with operative injuries to abdominal and pelvic
veins.
Methods: Clinical data and outcome in all patients with iatrogenic venous injuries during abdominal and pelvic operations
between 1985 and 2002 were reviewed.
Results: Forty patients (21 men, 19 women; mean age, 51 years [range, 27-87 years]) sustained 44 venous injuries.
Injuries occurred during general (30%), colorectal (23%), orthopedic (20%), gynecologic (15%), and other (12%)
operations. Factors leading to injury included oncologic resection (65%), difficult anatomic exposure (63%), previous
operation (48%), recurrent tumor (28%), and radiation therapy (20%). All patients had substantial bleeding (mean, 3985
mL; range, 500-20,000 mL). Injuries were located in the inferior vena cava (n  6), portal vein (n  7), renal vein (n 
1), and iliac vein (n  30). Repair was performed with venorrhaphy (64%), end-to-end anastomosis (14%), interposition
graft (20%), and vessel ligation (2%). Seven patients (18%) died of injury-related causes, including multisystem organ
failure (n 4), uncontrollable bleeding (n 2), and pulmonary embolism (n 1). Thirteen patients (32.5%) had major
injury-related complications, including repeat exploration because of bleeding (n 6), multisystem organ failure (n 6),
and venous thrombosis (n  4). In two patients (5%) unilateral lower extremity edema developed, with no evidence of
thrombosis. There was no late graft or venous thrombosis. Variables associated with increased risk for death were massive
bleeding, acidosis, hypotension, and hypothermia (P < .05).
Conclusion: Operative injuries of abdominal and pelvic veins occur in patients undergoing oncologic resection and those
with difficult anatomic exposure, owing to previous operation, recurrent tumor, or radiation therapy. Massive blood loss,
acidosis, hypotension, and hypothermia are associated with increased risk for death. Repair of venous injuries offers
durable results with low incidence of graft or venous thrombosis. (J Vasc Surg 2004;39:931-6.)Epidemiologic studies of vascular injuries are largely
based on the clinical experience accumulated with military
campaigns and civilian trauma.1-5 Overall the incidence of
vascular injuries is still relatively low, estimated at 0.9 to 2.3
per 100,000 population.5 However, this incidence is rising
in recent years due to the increasing number of iatrogenic
injuries.6-10 Currently iatrogenic vascular trauma is respon-
sible for 5% to 75% of all vascular injuries, an incidence that
varies according to type of practice and referral bias.5-11 A
small proportion of iatrogenic vascular injuries result from
operative mishaps. Injuries involving low-pressure and
high-flow venous systems in difficult anatomic locations,
such as pelvic, retrohepatic caval, and portal venous re-
gions, are especially treacherous.6,12
A paucity of literature exists concerning the manage-
ment of iatrogenic operative vascular injuries. Most studies
describe selected cases with specific patterns of injury, for
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doi:10.1016/j.jvs.2003.11.040example, spinal surgery and aortocaval injuries, or provide a
mixture of catheter-related, blunt, and penetrating vascular
trauma.13-18 Therefore we conducted a retrospective re-
view of our experience with patients who sustained iatro-
genic operative venous injuries during abdominal and pel-
vic operations. The purpose of this study was to describe
clinical characteristics, associated factors, mechanisms and
extent of injury, operative repair, and clinical outcome in
these patients.
PATIENTS AND METHODS
Using the Mayo Clinic database and vascular surgery
registry, we identified 713 patients with vascular injuries
who underwent operative repair by a vascular surgeon
between January 1, 1985, and January 1, 2002. Vascular
injury was caused by noniatrogenic penetrating or blunt
trauma in 178 patients (25%), iatrogenic catheter-related
trauma in 367 patients (52%), and iatrogenic operative
trauma in 166 patients (23%). Only patients with iatrogenic
operative injuries involving abdominal and pelvic veins
were included in the study. All injuries were serious enough
to warrant emergent intraoperative or postoperative vascu-
lar surgery consultation for definitive repair. Patients with
minor injuries repaired by the primary nonvascular service,
noniatrogenic vascular injuries, catheter-related injuries,
and elective vascular reconstructions performed as part of931
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tion during a Whipple operation, were excluded from the
study.
Demographic data, clinical characteristics, predispos-
ing factors, and early and late medical and surgical morbid-
ity and mortality were collected from patient records. Op-
erative data including location, extent, probable
mechanism of injury, associated injuries, resuscitation pa-
rameters, and operative repair were reviewed. We at-
tempted to ascertain whether postoperative complications
were injury-related and whether the vascular injury was a
direct cause of death. Major injury-related complications
included repeat exploration because of bleeding; perma-
nent organ system failure, such as dialysis-dependent renal
failure or ventilatory-dependent respiratory failure; life-
threatening complication from massive bleeding or trans-
fusion therapy, such as disseminated intravascular coagula-
tion, acute respiratory distress syndrome, venous
thrombosis ipsilateral to venous repair; or major vascular
complication, such as organ or limb ischemia, aneurysm
formation, graft infection or occlusion. Early perioperative
period was defined as within the first 30 postoperative days
or during the hospital stay. Chronic renal failure was de-
fined as serum creatinine concentration of 1.5 mg/dL or
greater, and postoperative renal failure as an increase of 50%
or greater in the baseline serum creatinine concentration.
Late follow-up data were obtained at medical examination,
when possible, or from medical records, office visits, corre-
spondence with referring physicians, and telephone inter-
views with patient, family, or home physician. Chronic
venous insufficiency was assessed clinically by the presence
of limb pain or heaviness, edema, skin pigmentation, or
ulceration. Duplex venous ultrasound scanning was per-
formed if the patient had venous symptoms or at the
discretion of the evaluating physician.
Statistical analysis. The 2 and Fisher exact test were
used for analysis of categorical variables. Difference be-
tween means was tested with the Mann-Whitney test. Uni-
variate analysis to assess the independent effects of clinical
variables on the incidence of injury-related death was done
with the Cox proportional hazard method. A P value of
less than .05 was used to determine statistical significance.
RESULTS
Clinical characteristics
Of the 713 patients with vascular injuries, data for 40
patients (5.6%) who sustained 44 iatrogenic operative inju-
ries of abdominal and pelvic veins were reviewed. There
were 21 men and 19 women, with mean age of 51 years
(range, 27-87 years). Operative injuries occurred during
elective general (n 12), colorectal (n 9), orthopedic (n
 8), gynecologic (n  6), urologic (n  3), and other
procedures (n  2). The primary operation was tumor
debulking (n 12), small bowel or colon resection (n 8),
Whipple operation (n  6), hysterectomy (n  3), prosta-
tectomy, nephrectomy, spinal diskectomy, or total hip re-
placement (n  2 each), and radical cystectomy, hepatec-tomy, or laparoscopic cholecystectomy (n  1 each).
Overall, 26 patients (65%) underwent oncologic resection
of primary or recurrent malignancies. Lymph node dissec-
tion was performed in 23 patients (58%). Hostile or dis-
torted anatomy with difficult dissection was described by
the operating surgeon in 25 patients (63%), due to a variety
of reasons, including previous operation (n  19), tumor
recurrence (n 11), radiation therapy (n 8), and chronic
inflammatory changes (n  8).
Description of venous injury
Of the 44 venous injuries, 30 involved iliac veins (68%),
including common (n  9), external (n  13, and internal
(n  8) iliac venous injuries. Other injuries involved portal
vein (n 7), inferior vena cava (IVC; n 6), and left renal
vein (n 1). The extent of injury was described as partial (n
 28) or complete laceration (n  7), segmental loss
greater than 1.5 cm (n  4), partial laceration associated
with vessel thrombosis (n  4), and multiple partial lacer-
ations (n  1). Twelve patients also had arterial (n  8),
ureteral (n  3), and rectal (n  1) injuries. The probable
mechanism of injury was sharp (n 18) or blunt dissection
(n  16), excessive retraction (n  4), laparoscopic trocar
insertion (n 1), and vascular stapler malfunction (n 1).
Thirty-eight patients (95%) had immediate bleeding; in six
patients limb ischemia developed due to associated arterial
thrombosis (n  4) or thromboembolic phenomena (n 
2); and in two patients expanding hematoma developed on
the first postoperative day.
Operative repair
The vascular surgery team on call was consulted intra-
operatively in 38 patients (95%) and postoperatively in 2
patients. In 15 patients (37%) the primary service at-
tempted to repair the injury with oversewing, but vascular
consultation was obtained because of continuing bleeding,
vessel stenosis or thrombosis, or complexity of venous
injury. In general, vascular control was obtained initially
with digital or sponge compression. Fogarty balloon occlu-
sion catheters (Edwards Lifescience Corp, Irvine, Calif)
were occasionally used to assist with vascular control. Three
patients required aortic cross-clamping (infrarenal, n  2;
suprarenal, n  1) because of profuse venous bleeding
associated with significant hypotension despite venous
compression. The Pringle maneuver was necessary in nine
patients. Because patients had massive blood loss (mean
estimated blood loss [EBL], 3900 mL), fluid resuscitation
was essential for patient management (Table I). To facili-
tate exposure, six patients required a new incision or exten-
sion of the original incision. The surgical field was consid-
ered clean in 14 patients (35%), clean-contaminated in 20
patients (50%), contaminated in 3 patients, and dirty in 3
patients (7.5%). Total operative time averaged 7.1 hours
(range, 3.5-11.3 hours). Open packing with scheduled
repeat operation for hemostasis was used in four patients
with IVC (n  2) or iliac (n  2) venous injuries, because
of coagulopathy, hypothermia, and acidosis.
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brided to allow tension-free anastomosis on healthy tissue.
Twenty-eight injuries (64%) were repaired with lateral ve-
norrhaphy, six injuries (14%) with end-to-end anastomosis,
and nine injuries (20%) with interposition grafts. Only one
internal iliac vein injury was primarily ligated. The conduit
used for graft interposition was externally supported ex-
pandable polytetrafluorethylene graft (ePTFE; n  8) and
autologous saphenous vein graft (n  1). Venous throm-
boembolectomy was used as an adjunct in four patients. In
six patients with contaminated or dirty wounds, venous
injuries were treated with lateral venorrhaphy (n  3),
primary ligation (n  1), and interposition grafting using
vein (n  1) and ePTFE graft (n  1). Of the 8 patients
with prosthetic grafts, 6 had clean wounds, 1 had a clean-
contaminated wound, and 1 had a contaminated wound.
Medical therapy included aspirin (n  16) and prophylaxis
of venous thromboembolism with subcutaneous heparin in
all patients. No patients received prophylactic intravenous
anticoagulation therapy. Some details of the management
of portal, IVC, and internal iliac venous injuries are de-
scribed below.
Portal vein. Seven portal venous injuries occurred
during a Whipple operation (n 6) or takedown of entero-
cutaneous fistula (n  1). On six occasions the injury was
caused during an attempt to bluntly dissect the anterolat-
eral portal vein behind the neck or uncinate process of the
pancreas. Four patients sustained partial lacerations, and 3
had complete lacerations, all resulting in massive blood loss
(mean EBL, 5686 mL; range, 1300-12,000 mL). In six
patients the pancreatic neck was transected either before or
after the injury had occurred, to facilitate exposure of the
portal vein. The mean red blood cell (RBC) transfusion
requirement was 21 units (range, 3-56 units) in the first 24
hours. Injuries were repaired with ePTFE interposition
grafts (n 3), lateral venorrhaphy (n 3), and end-to-end
anastomosis (n  1). Two patients died (28%), one of
uncontrollable hemorrhage during the operation and one
of multisystem organ failure and disseminated intravascular
coagulation immediately after the operation.
Internal iliac vein. Eight patients sustained partial
lacerations of the internal iliac vein during pelvic oncologic
procedures (n  7) and total hip replacement (n  1). In
this group, the mean EBL was 7300 mL (range, 1200-
20,000 mL), and the mean RBC transfusion requirement
was 20 units (range, 6-58 units). Injuries were repaired
with lateral venorrhaphy (n 7) and primary ligation (n
1). Two patients (25%) died during hospitalization from
multisystem organ failure.
Inferior vena cava. Six IVC injuries occurred during
resection of a retroperitoneal mass (n  3), right hepatec-
tomy (n  1), laparoscopic cholecystectomy (n  1), and
radical cystectomy (n  1). The injury involved the distal
IVC (n  3), retrohepatic IVC (n  2), and perirenal IVC
(n  1). Three patients required medial rotation of the
right colon with an extended Kocher maneuver. Mean EBL
was 4780 mL (range, 800-8000 mL), and the mean RBC
transfusion requirement was 12 units (range, 4-18 units).Repair consisted of lateral venorrhaphy (n 4) and ePTFE
interposition graft (n  2). One patient (17%) died, and
four (67%) had major injury-related complications.
Early outcome
Perioperative mortality was 18% (7 of 40 patients). All
perioperative deaths were attributed to the venous injury.
Causes of death were multisystem organ failure in 4 pa-
tients, exsanguinating hemorrhage in 2 patients, and mas-
sive pulmonary embolism in 1 patient. Multisystem organ
failure most often followed a complicated and prolonged
hospital course in patients with massive blood loss (mean.
11,525 mL). Exsanguinating hemorrhage occurred intra-
operatively during repair of a portal venous injury in one
patient, and postoperatively due to anastomotic disruption
of a common iliac venorrhaphy in one patient with an
enterocutaneous fistula. One patient died of pulmonary
embolism associated with ileofemoral venous thrombosis
after repair of multiple common, internal, and external iliac
vein lacerations. Univariate analysis of variables associated
with risk for injury-related death is summarized in Table II.
The mean length of hospital stay was 41 days (range,
2-280 days). Twenty-seven patients (68%) had at least one
medical or surgical complication during hospitalization.
Medical complications occurred in 20 patients (50%), and
included prolonged intensive care unit stay (10 days, n
14), ventilator-dependent respiratory failure (n 8), sepsis
(n 5), dilutional coagulopathy (n 4), acute respiratory
distress syndrome (n  4), pneumonia (n  4), cardiac
arrest (n  3), myocardial infarction (n  2), dialysis-
dependent renal failure (n  2), and disseminated vascular
coagulopathy (n  2). Postoperative duplex venous ultra-
sound scans were obtained in nine patients. Four patients
(10%) had lower extremity deep venous thrombosis, which
was ipsilateral to venous repair in three patients (1 ePTFE,
Table I. Clinical, biochemical, and hemodynamic
resuscitative parameters for the first 24 hours after venous
injury
Clinical variable* Mean Range
Estimated blood loss (mL) 3985 498-20,000
Temperature (°C) 33.8 30.2-36.2
Systolic blood pressure
(mm Hg)
85 42-116
Heart rate (bpm) 106 72-134
pH 7.27 6.96-7.41
Base deficit 7 22-2
Bicarbonate 20 6-26
Total positive net fluid
balance (mL)
13,504 655-82,400
Total crystalloid (mL) 11,255 2000-34,000
Total colloid (mL) 970 0-3200
Red blood cells (units) 12 0-58
Platelets (units) 5 0-48
Fresh frozen plasma (mL) 992 0-10,500
*Clinical variables represent average of all values measured during the
operative period. Transfusion and fluid requirements were based on the total
amount used during the first 24 hours. Colloid fluid does not include red
blood cells, fresh frozen plasma, and platelet transfusion.
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tremity edema with no evidence of venous thrombosis at
duplex ultrasound scanning. Surgical complications in 17
patients (43%) consisted of surgical repeat exploration (n
11), wound infection (n  6), skin flap necrosis (n  2),
and arterial limb ischemia (n  1).
Overall, major injury-related complications occurred in
13 patients (32.5%), and consisted of surgical repeat explora-
tion because of bleeding (n 6), multisystem organ failure (n
 6), venous thrombosis ipsilateral to venous repair (n 3),
and acute lower extremity arterial ischemia (n 1).
Late outcome
Median follow-up was 3.4 years (range, 2 months-14.3
years). Late follow-up was available in 30 of the 33 patients
(91%) who survived hospitalization. There were 10 late
deaths (30%) from recurrent malignancy (n  8) and
myocardial infarction (n 2). These were not related to the
previous venous injury.
One patient in whom early ePTFE graft thrombosis
developed had persistent limb edema despite anticoagula-
tion therapy. Duplex ultrasound scans at 2-year follow-up
revealed chronic occlusion of the ileofemoral venous sys-
tem and graft. None of the other patients had late venous
symptoms. The two patients with limb edema without
venous thrombosis showed partial improvement. Five pa-
tients without symptoms had normal follow-up duplex
venous ultrasound scans. There were no other late injury-
related complications.
DISCUSSION
Vascular surgeons are occasionally involved in the man-
agement of patients with vascular injuries sustained during
elective operations. Although serious injuries are relatively
rare, they are associated with potential catastrophic compli-
cations and carry substantial risk for death. This is especially
true of injuries located in low-pressure and high-flow veins,
such as the portal vein, IVC, and internal iliac veins. Injuries
in these locations can pose a formidable challenge to the
surgeon, because of difficult anatomic exposure and sub-
stantial blood loss.18-20 As the interest in radical oncologic
resection, extensive lymphadenectomy, and use of adjuvant
radiation therapy increases, it can be expected that iatro-
genic vascular injuries will continue to occur, and may
become more frequent.
Some potential limitations of our study merit discus-
sion, and limit generalizations to other patient populations.
Table II. Univariate analysis of factors associated with inju
Variable With variab
Massive hemorrhage (10 L) 100
Hypothermia (33°C) 57
Acidosis (pH 7.2) 60
Hypotension (80 mm Hg) 23.5
Positive fluid balance (15 L) 44.4First, because of the retrospective design, it is difficult to
assess the exact circumstances involved in the injury pro-
cess: previous attempts to repair, and what prompted vas-
cular consultation. Second, although this study is probably
the largest series on iatrogenic operative venous injuries,
the number of patients is too small to enable subgroup
analysis, for example, portal versus caval injuries. Third, our
patient population reflects our clinical practice, referral bias,
and more rural location, which explains the relatively high
incidence of iatrogenic trauma (75%) in comparison with
other studies. Fourth, we excluded more “simple” injuries
and therefore underestimated the true incidence of venous
injuries. We assumed that our patients had “more serious
venous injuries,” because “minor venous injuries” were
probably promptly repaired by the nonvascular surgical
service and likely resulted in better outcome. Finally, pa-
tients referred to our institution and other similar major
tertiary care centers often have advanced cancers that are
deemed inoperable elsewhere. It is possible that these pa-
tients are “predisposed” to more serious venous injuries be-
cause of the aggressiveness of surgical treatment. Therefore
any generalization of these data should be made with caution.
It is natural that surgeons attempt to repair their inju-
ries. However, excessive delay in obtaining vascular surgery
assistance often leads to more blood loss. Although we were
not able to objectively assess how much blood loss the
referring surgeon struggled with before calling for a vascu-
lar surgeon, our impression is that most of the blood loss
occurred before vascular surgeons were involved. Similarly,
although not reviewed in this study, patients with venous
injuries occurring during vascular reconstructions seem to
have a better outcome, because of more expeditious vascu-
lar control. We found that a common mistake in attempting
to obtain vascular control is the forceful use of clamps
around the vein, resulting in additional injuries. Direct
digital pressure or sponge compression with “sponge
sticks” proximal and distal to the injury site is a more
effective and safe means of obtaining rapid vascular control.
Despite an aggressive and intensive approach, near 70% of
our patients had complications, and 18% died from injury-
related causes. Because most of these patients underwent
major abdominal operations with relatively low expected
morbidity (30%) and mortality (5%), operative venous
injuries should be taken as a serious and potentially cata-
strophic complication. Mortality was directly associated with
the severity of bleeding and its physiologic consequences. Of
no surprise, mortality was higher in patients with massive
lated death
Mortality (%)
PWithout variable
8.3 .001
9.1 .002
10.7 .02
5.0 .04
10.0 .05ry-re
le
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fluid requirements. In these patients death due to multiorgan
system failure usually follows a prolonged and complicated
hospital course, similar to what occurs with patients with
general trauma with high injury severity scores.21
Patients with iatrogenic operative injuries are strikingly
different from those with penetrating, blunt, or catheter-
related vascular trauma.4,6 Although our study included no
control group, some clinical characteristics possibly repre-
sent “predisposing factors” for iatrogenic operative inju-
ries. Nearly two thirds of the patients underwent oncologic
operations. Hostile, distorted anatomy was described by
the operating surgeon in 63% of patients. Factors that
seemed to increase technical difficulty to dissect and iden-
tify tissue planes were previous operation (48%), tumor
recurrence (23%), or previous radiation therapy or chronic
inflammatory changes (20% each). In addition, radiation
therapy, inflammation, and contamination predispose vas-
cular repair to anastomotic disruption, even when autolo-
gous tissue is used. Indeed, 1 patient who underwent
common iliac venorrhaphy in the setting of enterocutane-
ous fistula developed anastomotic blowout and fatal exsan-
guinating hemorrhage. In these patients we currently ad-
vocate vascular coverage with an omental flap, Gerota
fascia, muscle flap, or bovine pericardium.
Our study shows that most patients (80%) with opera-
tive venous injuries have partial lacerations that can be
managed with relatively simple techniques, such as venor-
rhaphy, patch angioplasty, and end-to-end anastomosis.
The surgeon should use simplicity and creativity in the
repair, while avoiding tension and stenosis at the anasto-
mosis. We generally attempt lateral venorrhaphy for partial
lacerations, and end-to-end anastomosis for complete lac-
erations without segmental loss. If venorrhaphy is not
possible because of significant vessel narrowing, patch an-
gioplasty with autologous vein or ePTFE graft should be
considered. Short (2-4 cm) interposition grafts, most often
ePTFE grafts, were used in 20% of our patients, because of
multiple lacerations or significant segmental loss, which
prevented a tension-free anastomosis.
The next most logical question is whether ePTFE graft
is an appropriate vascular conduit to replace traumatized
veins? Problems of using autologous vein include need to
prepare and drape one of the extremities for vein harvest-
ing, potential size and length mismatches between vein
graft and injured vessel, unavailability of one or both saphe-
nous veins, and risk for anastomotic disruption with ex-
posed vein grafts, particularly in radiated, inflamed wounds
or when repeated wound debridement or dressing changes
are necessary. In addition, no one argues that prosthetic
grafting is a much more expeditious alternative in critically
ill patients with significant blood loss. However, use of
prosthetic grafting carries risk for graft infection and poor
long-term patency. Graft infection and anastomotic blow-
out occurs in patients with exposed grafts or infected
wounds (eg, osteomyelitis), but is rare in the absence of
graft exposure or infection.22,23 Although the long-term
patency of venous reconstructions is notoriously betterwith autogenous veins than with ePTFE grafts, our patients
represent a somewhat different population in that very
“short” segments of prosthetic grafts were placed in high-
flow veins.24 However, we continue to recommend the use
of autologous vein in patients with dirty wounds. Our first
choice to replace large veins in infected fields is a spiral or
paneled vein graft with the contralateral greater saphenous
vein. ePTFE grafts are reserved for patients with minimal or
no contamination (eg, pancreaticoduodenectomy).
In summary, venous injuries during elective abdominal
operations represent a potentially catastrophic complica-
tion with significant morbidity, mortality, and cost. The
typical patient is one undergoing an oncologic procedure
with hostile anatomy as a result of a previous operation,
tumor recurrence, previous radiation therapy, or chronic
inflammatory changes. Most often, venous injuries are sim-
ple lacerations that can be repaired with venorrhaphy, patch
angioplasty, or reanastomosis. Complex injuries with seg-
mental loss require interposition grafting.
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Available online Mar 10, 2004.Dr Donald Spadone (Columbia, Mo). You didn’t mention
any of the injuries caused by your own service. What is the
incidence of iliac vein injury during iliac aneurysm repair or rup-
tured aortic aneurysm repair? Because these things do occur.
Dr Gustavo S. Oderich. Yes, I am sure they do occur. We
have not included in this study injuries caused by vascular sur-
geons. However, it is our impression that nonvascular surgery
patients with severe venous injuries have significant bleeding and
morbidity due to difficulty in obtaining vascular control. The study
patients were found by the review of the title of the operation and
operative note, and I am certain that often these injuries are
underreported. Therefore, there is obviously an underestimation
of the incidence of venous injuries. So I don’t know what is the
precise incidence of venous injuries during vascular operations.
Dr William Turnipseed (Madison, Wis). Three questions.
Number one, what if any is the role of a caval filter in addition to
your repair? Second, a large number of these injuries are borderline
in terms of being able to do a venorrhaphy versus some kind of
mobilization and end-to-end repair. Do you do patches on any of
these, and if you have, have you used the bovine pericardial patch?
Finally, in the patients that require a prosthetic repair, do you
use externally supported polytetrafluoroethylene (PTFE)? When
you perform a prosthetic reconstruction, do you ever use a hypo-
gastric artery fistula or anything to maintain aggressive flow
through the graft during the early reconstruction phase?
Dr Oderich. The first question addresses the use of filters, and
we had no experience in this series with use of filters for this particular
indication. We do have experience with use of retrievable filters for
other indications, including patients at increased risk for deep venous
thrombosis (DVT), such as spinal trauma or recent DVT.
The second question addressed the use of patches. In one
patient a bovine pericardial patch was used because of the presence
of radiation and contamination of the surgical field. In the other
patients we used venorrhaphy or a short segment of interposition
graft. These bypasses were very short segment, 2 to 4 cm, and all of
them were externally supported PTFE grafts. In none of these
patients have we used fistulas in an attempt to improve patency.
Dr Robert McLafferty (Springfield, Ill). It would be very
interesting to contrast this population to another large populationeratively due to a hostile abdomen or a tumor encasing the vein. I
wondered if you had any information on that group in terms of
perioperative, short, and long-term outcomes.
Dr Oderich. The aim of our study was to review the unex-
pected iatrogenic venous injury caused during nonvascular opera-
tions. Although not reviewed in this series, our experience with
elective venous reconstructions for tumor encasement is much
better. For instance, our experience with Whipple operations and
portal venous reconstruction in 46 patients includes an operative
mortality of 4%, similar to standard Whipple operation. Dr Bower
and associates also reported a large experience with inferior vena
cava replacement for tumor. Morbidity and mortality is acceptable.
Dr Kirsh Soundararajam (Omaha, Neb). I have a couple of
quick questions. The first one is, in view of the life expectancy and the
significant mortality and morbidity as you have shown, is there any
anatomic criteria in the venous injury, either the segment or the
nature, which would justify primary ligation as opposed to first doing
venorrhaphy? Because as you have shown, although there are only
three patients who are thrombosed, two patients had significant
edema even without even having had repair. Would a primary ligation
be appropriate in a certain anatomic situation and, if so, could you
share with us the criteria?
The second question is, in case we end up ligating it, what
proportion of these patients should be put on anticoagulation and, if
you do put them on anticoagulation, how long should they be on it?
Dr Oderich. In regard to the first question, I think primary
ligation is a good choice mainly in patients who are extremely
unstable and who would otherwise require a more extensive and
complex venous reconstruction. As we see in this group of patients,
there was only one case of venous ligation and that was used for an
internal iliac vein injury. Most often, a venorrhaphy is as expedi-
tious as a venous ligation. Technically, for the vascular surgeon it
represents basically the same challenge.
In regard to your second question, all patients had DVT
prophylaxis with either subcutaneous heparin or compression de-
vices. Forty percent of the patients were started on aspirin and
usually that was deferred after the third postoperative day. None of
these patients was anticoagulated with heparin postoperatively
although many of them had intraoperative heparinization.
